A B S T R A C T Important strategies can be used to avoid biodiversity loss by deforestation in tropical rainforests. Some use biotechnological techniques to support conservation initiatives. Plant tissue culture techniques are highly accepted biotechnological approaches for conservation of biodiversity. The work aimed to propose a basic operational model for the induction of in vitro germination of trees through plant tissue cultivation techniques. Fruits of 15 tree species, ten woody trees (Couroupita guianensis Aubl., Tabebuia heptaphylla (Vell.) Toledo, Tabebuia impetiginosa (Mart. ex DC.) Standl., Tabebuia roseoalba (Ridl.) Sandwith, Vochysia haenkeana (Spreng.) Mart., Vitex montevidensis Cham., Copaifera coriacea Mart., Spondias tuberosa Arruda, Schinus terebinthifolia Raddi, and Talisia esculenta (A. St.-Hil.) Radlk.) and five palm trees (Syagrus coronate (Mart.) Becc., Attalea oleifera Barb. Rodr., Elaeis guineensis Jacq., Colubrina glandulosa Perk., and Astrocaryum vulgare Mart.) were collected at different locations in the State of Pernambuco, Brazil. The in vitro germination used two different protocols, one designed for palm trees and one designed for woody trees. It was evaluated the parameters microbial contamination, survival, in vitro establishment, germination percentage and percentage of seeds converted to plants. The results showed that the set of methodologies proposed as a basic protocol for the in vitro introduction was able to achieve satisfactory results for 13 of the 15 tested species. The protocol proposed a high potential for use in the rescue of seeds through in vitro plant tissue culture. The described technique is an efficient tool for the propagation of trees used in reforestation programs.
Introduction
The loss of genetic variability through deforestation and other human activities is part of the factors that severely affect various biomes in the world. Therefore, conservation investments are strategically important to minimize the level of genetic diversity loss. Conservation programs need to be applied quickly to reduce species extinction in some important biomes; this has become more evident in global endemic areas. Global Biodiversity Hotspots (GBHs), which account for almost 50% of endemic plant species, have received particular attention in recent years. Biotechnological strategies for plant conservation can be used to reduce mass extinction of species. The seed recovery and in vitro germination for the conservation of germplasm can be a strategic tool with the potential application to minimize the severe losses in biomes such as the Atlantic Forest (which now only covers less than 5% of its original area). The in vitro cultivation of plants has already been successfully used for the production of various tree species from different ecosystems (Oliveira et al., 2013) . In this case, seeds of endangered species with short flowering and fruiting periods are collected and used to grow seedlings throughout the year; seedlings produced from different strains of seeds can be used in reforestation and forest enrichment programs.
The uses of tissue culture techniques for woody plant conservation purposes have already been described and are well known within the scientific community (Theilade & Petri, 2003; FAO, 1993) . In fact, tissue culture is considered a valuable alternative for endangered plant species conservation (Sarasan, 2010) . However, the in vitro establishment protocols and subsequent production of viable plants can vary greatly between different species (Ram et al., 2012; Pasqual et al., 2012; Parihar & Kumar, 2015; Vengadesan & Pijut, 2009) . This difference in methodology is one of the main factors that interfere with the adoption of plant tissue cultures to propagate different woody plant species simultaneously. Nevertheless, the use of plant tissue cultures can be a valuable tool to obtain seedlings for the reforestation of disturbed areas as well as to manage endangered species.
The aim of the present work is to establish a basic disinfestation and in vitro germination protocol for different species of woody plants endemic to Brazil to develop a basic methodological set for the early stages of woody plant establishment.
Material and Methods
This study was conducted through collection and survey from January 2014 to January 2015 at the Laboratório de Pesquisas Aplicadas à Biofábrica (LAPAB), which is a part of the Centro de Tecnologias Estratégicas do Nordeste (CETENE) in Recife, Pernambuco. The methods proposed are based on the use of seeds as explants of different woody species; the seeds originated from ripe and intact fruit and were collected from matrices with apparent vigor. To generate a basic operational model that could be applied to different kinds of woody plants, we established two primary steps in the in vitro introduction process. The first step is the establishment of the method for disinfestation from the collected plant material to reduce microbial contamination; the second step is a standardization of the seed germination method. We evaluated 15 different species; 10 woody trees and five palm trees. All elected species are endemic to Brazilian biomes, three of them are already cataloged in the Red List of endangered species of the IUCN (International Union for Conservation of Nature) ( Table 1) .
The fruits collected of the 15 species (Table 1) were washed under running water with commercial neutral detergent with the help of a soft sponge for 5 min. Subsequently, in a laminar flow cabinet, they were immersed in 70% ethanol solution (v:v) for 2 min and then in commercial sodium hypochlorite solution (2.5%) for 10 min; after rinsing three times with autoclaved distilled water, the fruits were opened and the seeds separated from the pulp.
For the in vitro establishment of seeds, we used two types of MS media (Murashige & Skoog, 1962) for woody and Y3 medium (Eeuwens, 1976) for palm trees. The MS medium was composed of MS macro-and standard micronutrients plus agar (6.0 g.L ). The pH was adjusted to 5.8. After addition of the agar, 30 mL of each medium were distributed in 50 mL test tubes and autoclaved (121°C for 20 min). Depending on the size of the seeds, inoculations were performed in test tubes (10 mL medium/tube) or flasks (30 mL medium/tube). After inoculation of about 90 seeds per species in the culture medium, the explants were kept in a growth room with light control (40 μmol.m ) at a temperature of 25 ± 2°C with a 16 h light photoperiod. The number of seeds inoculated in the culture medium varied according to the specific type of fruit and its availability (Table 1) . It was evaluated germination rates, contamination, and oxidation. Data analysis was performed using averages and percentages. 
Results
In vitro contamination control is a basic requirement for tissue culture technology establishment. In the present study, the percentage contamination of the explants (seeds) during the in vitro establishment showed that each species has specific endophytic microorganisms, and the success of in vitro establishment can vary depending on the natural condition of plant seeds. The highest survival percentage (above 50%) was observed for 10 species, three palm trees and seven woody trees (Table 2) . Therefore, the use of one standard disinfestation protocol, which consisted of washing the fruit followed by disinfestation in 70% alcohol and 2.5% sodium hypochlorite, was effective for 90% of the woody tree and palm species.
Seed germination potential is also an important factor for in vitro protocol establishments. Many tropical plants have recalcitrant seeds. In this study, it was observed that the palm tree species with the highest percentage of in vitro germination had the lowest percentage of conversion into adult plants. In contrast, seed germination of woody tree species ranged from 0 to 100%, with no correlation between the percentage of germination and the success rate in plant conversion (Table 2) .
Among the palm trees, Astrocaryum vulgare presented the lowest germination rate (7%), which was considerably lower than germination rates observed for other palm species (Attalea oleifera, Elaeis guianeensis, and Colubrina glandulosa). However, all A. vulgare seeds that germinated formed plants in vitro. Considering other palm trees (A. oleifera, Syagrus coronate, and E. guianeensis), plant development rates varied between 15 and 70% (Table 2) . The results observed for 13 of 15 species studied indicate the ease and feasibility of the use of in vitro seed cultivation techniques for the propagation of forest species. As such, the most successful strategy for the simultaneous cultivation of different species requires rapid in vitro introduction after fruit collecting.
In vitro germination of some target species started after 15 days, as seen in A. oleifera, taking up to 60 days for C. glandulosa. The period required to break seed dormancy and start in vitro development varied between species. In general, the lack of growth regulators during in vitro establishment phase for the analyzed variables did not limit initial seed development. However, the use of low concentrations of BAP (6-Benzylaminopurine) in the cultivation process may enhance the development of the explants in subsequent steps.
These results indicate that germination can be improved by some modification of the process. However, using just one protocol for disinfestation and seed in vitro germination is suitable for the simultaneous cultivation of different tree species.
Regardless of the time, the initiation of the in vitro germination is a good indicator of the applicability of tissue culture for the production of seedlings of forest tree species.
Discussion
The results suggest that the methodology used to collect explants, decontamination and in vitro introduction were adequate for most of the species studied and can be used routinely; it may also be a valid procedure for the propagation of other tree species. According to Grattapaglia & Machado (1998) , establishing an aseptic culture is the most critical phase of in vitro cultivation. Thus, the success of the micropropagation technique is based on the recommendation of an asepsis protocol and in vitro establishment to achieve the greatest number of aseptic explants in vitro, reducing the production of phenolic compounds (oxidation) and converting explants into initial plans for the next stages of seedling production.
In some cases, the use of 70% alcohol and sodium hypochlorite is not sufficient to control contamination of the plant tissues with microorganisms. According to Butt et al. (2013) , the traditional disinfestation protocol using bleach (commercial sodium hypochlorite solution) was not effective to overcome guava explant contamination. In this case, to control the high level of fungal and bacterial contamination, the authors used bleach and a strong acid solution (10% HCl for 24-72 h), thereby successfully reducing guava contamination rates from 98 to 0%. However, many plant species can be successfully disinfected by using only alcohol (70%) and sodium hypochlorite solution (2%).
Sodium hypochlorite (NaOCl) has been widely used to successfully control bacteria and fungi on plant tissue surfaces (Emmanuel et al., 2004) , for example in seeds of Rhodiola rosea L. (Tasheva & Kosturkova, 2012) , Syngonanthus elegantulus Ruhland (Pêgo et al., 2013) and Byrsonima intermedia A. Juss. (Silva et al., 2015) . The antimicrobial activity of NaOCl is attributed to the hypochlorous acid (HOCl) which can penetrate the microorganism cell wall (Len et al., 2002) ; NaCl is therefore routinely used in the majority disinfestation protocols for plant tissue cultures.
The lack of knowledge about the physiological processes of many species, especially woody plants, has hindered reforestation programs by in vitro cultivation. Thus, to establish a "basic operational model", procedures for in vitro establishment of woody species to optimize projects to support the spread of different species to promote biome conservation are needed.
Microorganisms are one of the main factors that can interfere with seed germination (Martins-Corder & Borges Junior, 1999) . According to Couto et al. (2004) , tree species are particularly difficult to establish in vitro due to the diversity of contaminating microorganisms.
In this study, the observed endophytic contamination (fungi, bacteria, and yeasts) did not completely impede the development of in vitro plants (Table 3) . Thus, despite the diversity and contamination percentage observed in different species of woody trees, in extreme cases in Tabebuia heptaphylla and E. guianeensis Jacq. this method can be used for in vitro germination of seeds, providing the conservation of part of the genetic variability generated by mother plants (matrices).
Similar results have previously been described in the literature, even with the use of different procedures and substances than the ones evaluated in this study. In some cases, according to Nascimento et al. (2007) , efficient disinfection of seeds has been achieved by applying calcium or sodium hypochlorite with fungicides and bactericides, thereby maximizing the percentage of germinated seedlings. However, in most cases, using a combination of alcohol and sodium hypochlorite was sufficient to achieve effective levels of seeds disinfection.
In mahogany (Swietenia macrophylla King) seed disinfestation studies, Couto et al. (2004) observed 89% contamination when the seeds were not treated with disinfecting substances; other researchers disinfected mahogany seeds with 70% ethanol and 5.5% commercial sodium hypochlorite (ValverdeCerdas et al., 1998) . In the case of Cedrela fissilis Vellozo, the seeds were sterilized with sodium hypochlorite at 2.5% (Nunes et al., 2002) . Contamination after disinfestation may be due to the existence of endophytic microbial colonies which cannot be reached by the disinfection substances. As evidenced by the results showed in the Tables 1 and 2, the two species that were not viable (Vitex montevidensis and V. haenkeana) presented the association of two problems: endophytic contamination associated with low seed viability.
The results regarding the success of germination percentage and conversion percentage in plants (Table 1 and 2) shows that, despite optimization, intrinsic characteristics of each species will determine the process of the potential success and the following inclusion of the species in multiplication routine for the purpose of in vivo reintroduction. According to Berjak & Pammenter (2000) , analyses of several recalcitrant seeds of gymnosperms, dicots, and monocots indicated that potential germination maintenance is essential to seed development. This study showed a relation between seed development/germination potential and water loss tolerance. Therefore, the differences among seeds of different plant species are associated with cell ultrastructure and water storage reserve maintenance; the best strategy for the simultaneous cultivation of different species thus requires a rapid introduction in vitro after fruit collection.
Despite the various time requirements for germination, in vitro culture can facilitate seed dormancy breakage. According to Yang et al. (2013) , light and temperature can positively influence seed germination. However, pH and some phytoregulators have no effect or even damage the subsequent development phases. In contrast, for Grewia tenax (Forssk.) Fiori, the seed-coat could be more important than in vitro conditions for seed germination (Daffalla et al., 2016) .
In studies on in vitro germination of Amburana acreana (Ducke) A.C. Sm., FerminoJunior et al. (2007) observed the occurrence of in vitro germination after eight days of inoculation. Similar results have been described by Lopes (2000) and Lemos et al. (1998) studying mahogany, where germination was initiated in six 10-day periods, while other species, such as pau rosa (Aniba roseodora Ducke) and sucupira rosa (Pterodon pubescens (Benth.) Benth.) are not described as having good in vitro germination and need more time to germinate (França et al., 1997) . According to Fay (1992) , for some species, seed germination increases with the use of tissue culture techniques.
In the propagation of woody tree species such as paricá (Schizolobium amazonicum Huber ex Ducke), eucalyptus (Eucalyptus globulus Labill.), and sucupira branca, the use of growth regulators has shown likely impacts on the development in later steps (Cordeiro et al., 2004; Ponte, 1999) . Thus, the composition of the culture medium and environmental factors can result in an intensification of morphogenetic responses as well as a larger number of responsive explants (George, 1996) .
The requirement of light during the in vitro germination process indicates that most of the evaluated species are positive photoblastic. This result was expected because it seems that light-requiring seeds (which do not germinate under low light conditions) are common of tropical woody species (Chen et al., 2013) .
The results support the adoption of tissue culture techniques for the propagation of forest tree species. This biotechnological alternative is associated with the potential of this technique to provide conditions that allow the spread of a wide range of tree species to support reforestation initiatives and forest enrichment. These promising results indicate that in general, the success of micropropagation of woody tree species is associated with the interaction between the type of explant, successful disinfection stage, the adequacy of the conditions of cultivation, the recalcitrance of plant species and, especially, the level of endophytic seed contamination by fungi and bacteria.
Despite this complexity of factors, the results show that more than 80% of the tested species responded under in vitro conditions to the propagation method. It should be highlighted that that success in establishing a production routine of woody tree seedlings will not only contribute to the reintroduction of endangered species but will also establish new matrices which in the future may be used for the propagation in vitro or in vivo. According to George (1996) , in vitro germination of endangered species helps to ensure genetic variability and may also serve as a source of primary explants for micropropagation.
Conclusion
A single establishment methodology for seed disinfestation (Disinfestation in 70% alcohol and 2.5% sodium hypochlorite) and in vitro germination of different tree species (MS or Y3 medium without phytoregulator) can facilitate the simultaneous mass propagation of various tree species to produce seedlings for reforesting regeneration.
